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(54) SWITCHING POWER SUPPLY DEVICE

(57)  An object of the present invention is to provide
a switching power supply which can stably determine
whether an overcurrent occurs or not on the secondary
side. A sample voltage corresponding to a load current
value detected by detection resistors R7 and R8 is com-
pared with a reference voltage by an input-side transistor

FIG.
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Q4 and an output-side transistor Q3 which compose a
first current mirror circuit 14, so that it is possible to de-
termine whether an overcurrent occurs or not. Moreover,
a current passing through the output circuit of the tran-
sistor Q3 is temperature-compensated by a second cur-
rent mirror circuit 17 made up of transistors Q6 and Q5.
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Description
Technical Field

[0001] The present invention relates to a switching
power supply which outputs the secondary-side voltage
of a voltage conversion section after rectifying and
smoothing the voltage and controls switching on the pri-
mary side of the voltage conversion section according to
adetected load current to perform overcurrent protection.

Background Art

[0002] Inapowersupply, anovercurrent protection cir-
cuit is provided for limiting a load current to protect the
power supply and a load from an overload. Generally,
overcurrent protection is broadly divided into three meth-
ods shown in FIGS. 8(a), 8(b) and 8(c).

[0003] In FIG. 8(a), when an output current exceeds
the set upper limit, an output voltage decreases and the
output current is reduced to provide protection. This
method is called Fold-back Type Drooping Characteristic
based on the pattern of the correlation characteristic of
the output voltage and the output current.

[0004] In FIG. 8(b), when an output current exceeds
the set upper limit, the output current is immediately re-
duced to provide protection. This method is called "pen-
dent character" based on the pattern of the correlation
characteristic of an output voltage and the output current.
[0005] In FIG. 8(c), when an output current exceeds
the set upper limit, the output current is reduced at a
constant power to provide protection. This method is
called an inverted V-shaped characteristic based on the
pattern of the correlation characteristic of an output volt-
age and the output current.

[0006] In the case of a switching power supply for de-
tection for overcurrent protection only on the primary side
of a transformer, an overcurrent protection set value is
deviated by a change of an input voltage, resulting in low
accuracy.

[0007] In the case of the overcurrent protection char-
acteristic of FIG. 8(c), itis possible to protect a switching
transistor on the primary side of a transformer but a cur-
rentincreases in adiode for rectification on the secondary
side of the transformer even under protection, which is
disadvantageous to overcurrent protection (described in
Patent Document 1 and so on).

[0008] As compared to FIG. 8(c), when a load current
is detected on the secondary side of a transformer T1 as
shown in FIG. 6, satisfactory overcurrent protection can
be expected.

[0009] In FIG. 6, to a primary winding 11 of the trans-
former T1, an input DC voltage Vi is applied through a
switching transistor Q1 acting as a series control ele-
ment. The frequency of a pulse signal Psw applied to the
base of the switching transistor Q1 is controlled by a con-
trol circuit 13.

[0010] The output of a secondary winding 12 of the
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transformer T1 is half-wave rectified by a diode D2 and
the output is smoothed by a capacitor C3 to obtain an
output voltage Vo. A load current i1 is detected by a de-
tection resistor R7 disposed in a secondary-side circuit.
[0011] An error amplifier Z2 for supplying information
to the control circuit 13 according to a detected voltage
of the detection resistor R7 is configured as follows:
[0012] A current mirrorcircuit 14 is made up of an input-
side transistor Q4 and an output-side transistor Q3. Be-
tween a reference potential G and the base of the tran-
sistor Q4 whose base and collector are connected to
each other, a voltage source B1 is connected via a re-
sistor R6. The emitter of the transistor Q4 is connected
to the detection resistor R7 on the side of the reference
potential G.

[0013] The base of the transistor Q3 is connected to
the base of the transistor Q4 and the collector of the tran-
sistor Q3 is connected to the junction point of the resistor
R6 and the voltage source B1 via a resistor R4. The emit-
ter of the transistor Q3 is connected to a junction point
15 of the detection resistor R7 and the secondary winding
12 via a resistor R3.

[0014] A junction point 16 of the collector of the tran-
sistor Q3 and the resistor R4 is connected to the base of
an output transistor Q2 via a resistor R2. The emitter and
collector of the transistor Q2 are interposed between one
end of a resistor R1 having the other end connected to
the control circuit 13 and the reference potential G.
[0015] In the error amplifier Z2 configured thus, the
resistor R4 for determining a reference voltage is con-
nected to the collector of the transistor Q3 and the am-
plification degree of the error amplifier Z2 is determined
by a ratio between the resistance values of the resistors
R3 and R4.

[0016] When the load current i1 increases, a voltage
drop across the detection resistor R7 increases, the volt-
age of the junction point 16 of the resistor R7 and the
resistor R3 decreases, and the collector current of the
transistor Q3 increases. Accordingly, a potential de-
creases on the junction point 15 of the collector of the
transistor Q3, the base current of the output transistor
Q2 increases, and the load current i1 increases to a set
value. At this point, the resistor R1 connected to the con-
trol circuit 13 is connected to the reference potential G
via the output transistor Q2 and the switching frequency
of the primary side is controlled to achieve overcurrent
protection of "Fold-back Type Drooping Characteristic"
shown in FIG. 8(a).

Patent Document 1: Japanese Patent Laid-Open
No. 2004-215394

Disclosure of the Invention
Problems to be Solved by the Invention

[0017] In the circuit configuration of FIG. 6, however,
the amplification degree of the error amplifier Z2 is
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changed by a temperature change (temperature charac-
teristic) of the resistor R4, so that the reference voltage
may be changed and the set value of overcurrent pro-
tection may be deviated.

[0018] A current passing through the transistor Q3 is
larger than a current passing through the transistor Q4.
When a current passing through i1 increases, a voltage
difference across the detection resistor R7 increases.
When the load current i1 increases and a current differ-
ence increases between the value of current passing
through the transistor Q3 and the value of current passing
through the input-side transistor Q4, a temperature dif-
ference occurs between the transistor Q3 and the tran-
sistor Q4. In other words, the set value of overcurrent
protection may vary between the absence of a temper-
ature difference between the transistor Q3 and the input-
side transistor Q4 in, for example, a cold state immedi-
ately after turn-on and the presence of a large tempera-
ture difference between the transistor Q3 and the tran-
sistor Q4 after aging.

[0019] An object of the present invention is to provide
a switching power supply which can stably judge the oc-
currence of overcurrent on the secondary side of a volt-
age conversion section.

Means for Solving the Problems

[0020] A switching power supply according to a first
aspect of the presentinvention for outputting the second-
ary-side voltage of a voltage conversion section after rec-
tifying and smoothing the voltage, and controlling switch-
ing on the primary side of the voltage conversion section
according to a detected load current to perform overcur-
rent protection, the switching power supply including: a
detection resistor for detecting a load current on the sec-
ondary side of the voltage conversion section; a first cur-
rent mirror circuit made up of a first transistor of an input
side and a second transistor of an output side; and a
second current mirror circuit made up of a third transistor
of the input side and a fourth transistor of the output side,
wherein the detected voltage of the detection resistor is
applied between one end of the first transistor and one
end of the second transistor, the fourth transistor fed with
a current set by the third transistor is interposed between
the second transistor and a reference potential, and
switching on the primary side of the voltage conversion
section is controlled according to the potential of the junc-
tion point of the second transistor and the fourth transistor
to perform overcurrent protection.

[0021] A switching power supply according to a second
aspect of the presentinvention, in the first aspect, where-
in the junction point of the second transistor and the fourth
transistor and the base of the second transistor are con-
nected via a resistor.

[0022] A switching power supply according to a third
aspect of the present invention, in one of the first and
second aspects, wherein a circuit for rectifying and
smoothing the secondary-side voltage of the voltage con-
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version section is a half-wave voltage doubling rectifier
circuit in which a first diode has an anode connected to
one end of the output of the voltage conversion section,
the first diode has a cathode connected to the anode of
a second diode, the junction point of the first diode and
the second diode is connected to the other end of the
output of the voltage conversion section via a capacitor,
and an output voltage from the cathode of the second
diode and the one end of the output of the voltage con-
version section is smoothed as an output voltage, the
detection resistor for detecting the load current on the
secondary side of the voltage conversion section is made
up of a first detection resistor interposed between the
one end of the output of the voltage conversion section
and the anode of the first diode, and a second detection
resistor interposed between the first detection resistor
and the anode of the first diode, and a voltage across the
first detection resistor and the second detection resistor
which are connected in series is applied between the one
end of the first transistor and the one end of the second
transistor.

Advantage of the Invention

[0023] According to the present invention, a second
current mirror circuit is provided to perform temperature
compensation on a first current mirror circuit, achieving
a stable overcurrent protection operation.

Brief Description of the Drawings
[0024]

FIG. 1 is a structural diagram showing a switching
power supply according to a first embodiment of the
present invention;

FIG. 2 is a structural diagram showing a switching
power supply according to a second embodiment of
the present invention;

FIG. 3 is a structural diagram showing a switching
power supply according to a third embodiment of the
present invention;

FIG. 4 is a structural diagram showing a switching
power supply according to a fourth embodiment of
the present invention;

FIG. 5 is a structural diagram showing a switching
power supply according to a fifth embodiment of the
present invention;

FIG. 6 is a structural diagram showing a switching
power supply of the prior art;

FIG. 7 is a detected waveform chart of the main parts
of the third embodiment and the first embodiment
according to the present invention; and

FIG. 8 is an explanatory drawing showing a typical
overcurrent protection method.
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Best Mode for Carrying Out the Invention

[0025] Referring to FIGS. 1 to 5, embodiments of the
present invention will be described below.

(First Embodiment)

[0026] FIG. 1 shows a switching power supply in which
a voltage conversion section 20 is made up of a trans-
former T1 and the output voltage of a secondary winding
12 of the transformer T1 is subjected to half-wave voltage
doubling rectification by a diode D1, a diode D2, and a
capacitor C4. As compared with the switching power sup-
ply of half-wave rectification shown in FIG. 6, a current
mirror circuit 17 made up of a transistor Q6 and a tran-
sistor Q5 is provided in addition to the diode D1, a de-
tection resistor R8, and the capacitor C4.

[0027] To be specific, to a primary winding 11 of the
transformer T1, aninput DC voltage Viis applied through
a switching transistor Q1 acting as a series control ele-
ment. The frequency of a pulse signal Psw applied to the
base of the switching transistor Q1 is controlled by a con-
trol circuit 13.

[0028] The output of the secondary winding 12 of the
transformer T1 is subjected to voltage doubling rectifica-
tion by the diodes D1 and D2 and the capacitor C4, the
output is smoothed by a capacitor C3, and an output DC
voltage Vo is outputted.

[0029] Ahalf-cycle currenti2 for charging the capacitor
C4 through the diode D1 by an output voltage E of the
secondary wiring 12 of the transformer T1 is detected by
the detection resistor R8 connected in series with the
diode D1. In the subsequent half cycle, a load current i1
for charging the capacitor C3 through the diode D2 by
the output voltage E of the secondary winding 12 of the
transformer T1 and the terminal voltage of the capacitor
C4 is passed, so that an output DC voltage Vo of 2-E is
generated across the capacitor C3. The load current i1
is detected by a detection resistor R7.

[0030] The capacitor C3 has one end connected to a
reference potential G and the secondary winding 12 of
the transformer T1 has one end connected to the refer-
ence potential G via the detection resistor R7. The de-
tection resistor R8 having one end connected to the an-
ode of the diode D1 has the other end connected to a
junction point 16 of the detection resistor R7 and one end
of the secondary winding 12.

[0031] An error amplifier Z1 for supplying information
tothe control circuit 13 according to the detected voltages
of the detection resistors R7 and R8 is configured as
follows:

[0032] A first current mirror circuit 14 is made up of an
NPN transistor Q4 and an NPN transistor Q3. The base
and collector of the transistor Q4 are connected to each
other and are connected to the reference potential G via
a resistor R6 and a voltage source B1. The emitter of the
transistor Q4 is connected to the reference potential.
[0033] The base of the transistor Q3 is connected to
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the base of the transistor Q4 and the collector of the tran-
sistor Q3 is connected to a junction point 18 of the resistor
R6 and the voltage source B1 via the second current
mirror circuit 17.

[0034] The second current mirror circuit 17 is made up
of the PNP transistor Q6 and the PNP transistor Q5. The
base and collector of the transistor Q6 are connected to
each other and are connected to the reference potential
G via a resistor R9. The emitter of the transistor Q6 is
connected to the junction point 18 of the resistor R6 and
the voltage source B1 via a constant voltage diode D3.
The base of the transistor Q5 is connected to the base
of the transistor Q6, the collector of the transistor Q5 is
connected to the collector of the transistor Q3, and the
emitter of the transistor Q5 is connected to the junction
point 18 of the resistor R6 and the voltage source B1 via
a resistor R4.

[0035] A junction point 15 of the collector of the tran-
sistor Q3 and the collector of the transistor Q5 is con-
nected to the base of an output transistor Q2 via a resistor
R2. The emitter and collector of the transistor Q2 are
interposed between one end of a resistor R1 having the
other end connected to the control circuit 13 and the ref-
erence potential G.

[0036] The emitter of the transistor Q3 is connected to
a junction point 19 of the anode of the diode D1 and the
detection resistor R8 via a resistor R3.

[0037] With this configuration, the collector current of
the transistor Q5 is expressed as follows:

(Vz + Q6Vbe - Q5Vbe)/r4

where Vz is the Zener voltage of the constant voltage
diode D3, "Q6Vbe" is a voltage between the base and
emitter of the transistor Q6, "Q5Vbe" is a voltage between
the base and emitter of the transistor Q5, and "r4" is the
resistance value of the resistor R4. Itis possible to obtain
a constant current not affecting a temperature change,
achieving a stable overcurrent protection operation.
[0038] Further, in addition to the detection resistor R7,
the terminal voltage of the series circuit of the detection
resistor R7 and the detection resistor R8 is used as the
sample signal of the error amplifier Z1. An overcurrent
can be detected not only from one cycle but from both
cycles of the load current i1 and the load current i2, so
that the control circuit 13 can be controlled with higher
accuracy.

[0039] FIG.7 shows specificexamples when the single
detection resistor is used and the two detection resistors
are used. In this case, an operation is performed with an
input of a 24 V DC voltage and an output of 240 V DC
voltage and 2.5 A.

[0040] FIG. 7(a) shows a detected voltage waveform
when only the detection resistor R7 is used as shown in
FIG. 3. The voltage waveform is obtained between a junc-
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tion point 31 of the detection resistor R7 and the reference
potential G and the junction point 16 of the detection re-
sistor R7 and the secondary side of the transformer T1.
[0041] FIG. 7(b) shows a detected voltage waveform
when the detection resistor R7 and the detection resistor
R8 are used as shown in FIG. 1. The voltage waveform
is obtained between the junction point 31 of the detection
resistor R7 and the reference potential G and the junction
point 19 of the detection resistor R8 and the diode D1.

[0042] When the terminal voltage of the series circuit
of the detection resistor R7 and the detection resistor R8
is used thus as the sample signal of the error amplifier
Z1, an overcurrent is detected from both cycles of the
load current i1 and the load current i2. Thus the control
circuit 13 can be accurately controlled as compared with
the case where only the detection resistor R7 is used.

(Second Embodiment)

[0043] FIG. 2 shows a second embodiment of the
present invention.

[0044] FIG. 2 is different from FIG. 1 only in that the
base of a transistor Q3 is connected to the collector of a
transistor Q5 via a resistor R5.

[0045] In other words, the amplification degree of an
error amplifier Z1 is determined by the resistor R5 and a
resistor R3. Since one end of the resistor R5 has a con-
stant current not affecting a temperature change (tem-
perature characteristic), the bases of a transistor Q4 and
the transistor Q3 which are connected to the other end
of the resistor R5 have the same potential. Thus sub-
stantially the same current passes through the transistor
Q3 and the transistor Q4, thereby reducing a deviation
of the set value of overcurrent protection.

(Third Embodiment)

[0046] FIG. 3 shows a third embodiment of the present
invention.
[0047] FIG. 3 shows a switching power supply using

a rectification method of half-wave voltage doubling rec-
tification as in FIG. 1 illustrating the first embodiment.
FIG. 3 is different from FIG. 1 only in that the terminal
voltage of a detection resistor R7 is used as the sample
signal of an erroramplifier Z1. In this case, a control circuit
13 is controlled by detecting an overcurrent only from
one cycle. Thus it is possible to achieve a stable over-
current protection operation not affecting a temperature
change as compared with the prior art, though the per-
formance of overcurrent protection with a varying load is
not as satisfactory as the performance of the first em-
bodiment. The overcurrent protection can be similarly
performed also in FIG. 2 illustrating the second embod-
iment.

(Fourth Embodiment)

[0048] FIG. 4 shows a fourth embodiment of the
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present invention.

[0049] FIG. 4 shows a switching power supply using a
rectification method of half-wave rectification. FIG. 4 is
different from FIG. 2 illustrating the second embodiment
only in that the terminal voltage of a detection resistor
R7 is used as the sample signal of an error amplifier Z1.

(Fifth Embodiment)

[0050] FIG. 5 shows a fifth embodiment of the present
invention.

[0051] In FIG. 5, a voltage conversion section 20 is
made up of a DC-DC converterincluding MOS transistors
21 and 22, an inductor 23, and a capacitor 24. FIG. 5 is
different from FIG. 1 illustrating the first embodiment only
in that pulse signals Psw1 and Psw2 applied to the gates
of the MOS transistors 21 and 22 from a control circuit
13 are controlled to control switching on the primary side
and perform voltage conversion and overcurrent protec-
tion. The overcurrent protection can be similarly per-
formed also in the second to fourth embodiments.
[0052] In the foregoing embodiments, the first current
mirror circuit 14 is made up of the NPN transistors Q3
and Q4 of a first conductivity type and the second current
mirror circuit 17 is made up of the PNP transistors Q5
and Q6 of a second conductivity type. The first current
mirror circuit 14 may be made up of PNP transistors Q3
and Q4 and the second current mirror circuit 17 may be
made up of NPN transistors Q5 and Q6.

Industrial Applicability

[0053] The present invention is particularly useful as
a power supply having a large load current of several
tens amperes and used for equipment in which the ac-
curacy of overcurrent protection setting is highly valued.
To be specific, the present invention is assembled as a
power supply for an inverter, a motor drive and the like,
so that variations in judgment of overcurrent due to a
temperature can be eliminated. Thus the present inven-
tion can contribute to a more reliable operation and higher
safety of assembled equipment.

Claims

1. Aswitching power supply for outputting a secondary-
side voltage of a voltage conversion section after
rectifying and smoothing the voltage, and controlling
switching on a primary side of the voltage conversion
section according to a detected load current to per-
form overcurrent protection,
the switching power supply comprising:

a detection resistor for detecting a load current
on a secondary side of the voltage conversion
section;

a first current mirror circuit made up of a first
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transistor of an input side and a second transis-
tor of an output side; and

a second current mirror circuit made up of a third
transistor of the input side and a fourth transistor
of the output side,

wherein a detected voltage of the detection re-
sistoris applied between one end of the first tran-
sistor and one end of the second transistor,
the fourth transistor fed with a current set by the
third transistor is interposed between the sec-
ond transistor and a reference potential, and
switching on the primary side of the voltage con-
version section is controlled according to a po-
tential of a junction point of the second transistor
and the fourth transistor to perform overcurrent
protection.

The switching power supply according to claim 1,
wherein the junction point of the second transistor
and the fourth transistor and a base of the second
transistor are connected via a resistor.

The switching power supply according to one of
claims 1 and 2, wherein a circuit for rectifying and
smoothing the secondary-side voltage of the voltage
conversion section is a half-wave voltage doubling
rectifier circuit in which a first diode has an anode
connected to one end of an output of the voltage
conversion section,

the first diode has a cathode connected to an anode
of a second diode,

a junction point of the first diode and the second di-
ode is connected to an other end of a secondary
winding of a transformer via a capacitor, and

an output voltage from a cathode of the second diode
and the one end of the output of the voltage conver-
sion section is smoothed as an output voltage,

the detection resistor for detecting the load current
on the secondary side of the voltage conversion sec-
tion is made up of:

a first detection resistor interposed between the
one end of the output of the voltage conversion
section and the anode of the first diode, and

a second detection resistor interposed between
the first detection resistor and the anode of the
first diode, and

a voltage across the first detection resistor and
the second detection resistor which are connect-
ed in series is applied between the one end of
the first transistor and the one end of the second
transistor.

10

15

20

25

30

35

40

45

50

55

10



EP 2 187 514 A1

m | 81 A
A .FT 1 IJ . !
9 65— !
6 Y B0 Zoy |
|
O :
e . bl 1z
D 4 !
AW 90 _
< o . !
[49] [
TP ? !
g1 DR A ﬁ @ _
|
/j ~ €0 .l T. 49] _
1INJHID TO0HINOD ~. Wmm”
e !
SO g o
91 Ly &
............ S e 0
¢ % g €0
.......... o /Y "
== —P —o0
%) 2a

I OI4

OA



EP 2 187 514 A1

Ll Y Y4

| gl ,

3l4d)
22
AN

ws o ’
mpg /,./.././ LT QM@ @ .

149] :
B . |
LINDHIO TOHLNOD .. — wmmm
msd—""~__| N w2 ‘.\, o
9l J2¥
........... e o
A [ @ ™ 8 £0 oA
,,,,,,,,,, /¥, i
1 —Ppt 0
vo+ ¢d

b1

¢ Old



EP 2 187 514 A1

a \
LLL : 81
! D . !
5—"| | 5 _ _
! ) .

! [l [ N V4
P % |
: cd & :
¢co ! [
8% S !

m—/ /.‘/..
1IN0dID T0HINOD
msd —~___| O
@)
| 1a ¥
IA 1D 4] £9 OA
+ +
..................................... »
o \ } o ! " O
'+
148 ¢d

g Old



EP 2 187 514 A1

m_./h

R

[ 11nOYID TOYLNOD

9y

¥ Old

10



LL - 81 J
/ _ | _ .
mu\ | 5 _
! 8 1 td o
m 50
! [l ——>
@ \m—

EP 2 187 514 A1

t e E L
| ~ —{ g
N I
1INDHIO TOYINOD o wg , )
_.>>wQ\/ '~ . _..__ R S L
o amsa
e , 91 (M
o— ,u o W o
! ! ’ )
_ vw/lﬁ | "\. . 84 1 oA
| e M ™ .
| x_| _ N 61 1a -
IA : L
N . — ° - —p o
@ 11 | ¥0 za
! €2 |
v T e 02
o

g Old

11



EP 2 187 514 A1

€l

11NDY10 TOYLNOD

MSd — T~

OA

L

14V "OIdd
9 "Old

12



EP 2 187 514 A1

FIG. 7

( a ) 100mV —|

(b)

13



EP 2 187 514 A1

FIG. 8A
PRIOR ART

OUTPUT
CURRENT (%)

100
14

S 5
>T.m =T_m
o S
ol A
s [t <
o3 55
o° 30
.............. S m x e = B & T ¢ S S
o < oo <
. . @
g o g S
||||||||||||||| o WL @ o L o ___
o o a4 o
-t o ¢ o €
(A) 3DVLIOA LNdLNOo (A) 3DVLIOA 1NdLNo (A) FDVLITIO0A LNdLNOo



EP 2 187

INTERNATIONAL SEARCH REPORT

514 A1

International application No.

PCT/JP2008/001238

A. CLASSIFICATION OF SUBJECT MATTER
H02M3/28(2006.01)1i, GO5F3/26(2006.01)1

According to International Patent Classification (IPC) or to both national classification and [PC

B. TFIELDS SEARCHED

HO02M3/28, GOS5F3/26

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2008

Jitsuyo Shinan Kocho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2008
1994-2008

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y JP 7-248342 A (Nippon Motorola Ltd.), 1,2
26 September, 1995 (26.09.95),
Par. Nosg. [0016] to [0026]; Fig. 3
& US 5559500 A

Y JP 9-37547 A (Sharp Corp.), 1,2

A 07 February, 1997 (07.02.97), 3
Par. Nos. [0003] to [0005]; Fig. 5
(Family: none)

Further documents are listed in the continuation of Box C.

l:l See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered  to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
12 August, 2008 (12.08.08)

Date of mailing of the international search report
19 August, 2008 (19.08.08)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

15




EP 2 187 514 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2008/001238

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

Microfilm of the specification and drawings
annexed to the request of Japanese Utility
Model Application No. 149868/1988 (Laid-open
No. 72678/1990)

(Sanyo Electric Co., Ltd.),

04 June, 1990 (04.06.90),

Description, page 5, line 1 to page 7, line 3;
Fig. 1

(Family: none)

JP 2007-163376 A (Matsushita Electric Worksg,
Ltd.),

28 June, 2007 (28.06.07),

Par. Nos. [0017] to [0027]; Figs. 1 to 3
(Family: none)

2

Form PCT/ISA/210 (continuation of second sheet) (April 2007)

16




EP 2 187 514 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e JP 2004215394 A[0016]

17



	bibliography
	description
	claims
	drawings
	search report

